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1 Introduction

In RAN#81, a new RAN1-led SI on Channel modeling for Indoor Industrial scenarios [1] was approved.
The study item aims to develop a channel model to support studies on URLLC/IIOT enhancements for industrial scenarios and use cases. In order to achieve this, the study item should fulfil the following objectives:

· Determine a suitable description of the scenario and frequency bands up to 100GHz that should be supported. 

· The LS from 5G-ACIA in RP-181521 may be used as one of the references to start the discussion.

· Review existing literature and new propagation measurements in industrial environments

· Assess key differences compared to existing channel models such as the model in TR 38.901

· Define a new industrial propagation scenario and determine propagation parameters and, if required, new model components. Use 38.901 as the starting point.

· Priority should be given to channel modeling for frequency ranges below 52.6GHz, which can be captured in the TR upon completion of the corresponding model.
In recent RAN1 email discussions, the following proposal gains the consensus:

Proposal 1: Path loss, shadow fading, and LOS/NLOS modelling

Option 1: LOS state is stochastically determined using a LOS probability function dependent on distance, [tx and rx height, clutter height, clutter density, subarea, time, …]. 

· Separate path loss and shadow fading models are used for LOS and NLOS

· The correlation of LOS probability for different links TBD

· Spatial consistent transitions between LOS and NLOS states to be further studied

This document addresses the path loss model for LOS and NLOS states.

2 Simulation
An indoor industrial scenario is depicted in [5] with its internal layout shown in Figure 2.1 and Table 2-1.
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Figure 2.1 Industrial IOT scenario with multi-functionality sub-areas

Table 2-1 Configuration for IIOT channel model simulation

	Position of Base stations
	Base stations with height selected from { 10m, 15m and 22m} are located in 5 different XY positions:

BS10_1:[45 20 10]; BS10_2:[45 60 10]; BS10_3: [90 40 10]; BS10_4:[135 20 10]; BS10_5: [135 60 10]

BS15_1:[45 20 15]; BS15_2:[45 60 15]; BS15_3: [90 40 15]; BS15_4:[135 20 15]; BS15_5: [135 60 15]

BS22_1:[45 20 22]; BS22_2:[45 60 22]; BS22_3: [90 40 22]; BS22_4:[135 20 22]; BS22_5: [135 60 22]

* Refer to Figure 2.1 for the locations of gNB in XOY plane, where AntN refer to BSh_N for h={10,15,22}m and N={1,2,3,4,5}, respectively.

	Position of UE’s
	1600 UEs are uniformly distributed with UE height =1.5m.

	Carrier Frequency
	2.3GHz; 4.9GHz; 28GHz; 52.6GHz.


The simulation is based on ray tracing with three-order reflections and single-order diffraction. 

The power threshold for NLOS ray detection is 30dB in the simulation, i.e., only those rays with power larger than (Pmax – 30dB) are counted in calculating the sum power of NLOS rays.

LOS state

The following path loss model is utilized in LOS state to fit the simulation data for different BS heights and frequencies:


[image: image2.wmf]10310

32.44log()20log()

LOSLOSDc

PLKdf

=++

  
Where 

· 
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 is the 3-dimensional distance in meter between transmitter and receiver.
· 
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 is the carrier frequency in GHz.
· 
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K

 is the path loss coefficient in LOS state.
· The constants 32.44 and 20 come from free space loss model, the Frris equation.

The fitting results for path loss in LOS state are shown in the Figure 2.2-1~2.2-3, Figure 2.3 and Table 2-2, where simulation data are collected from 5 base stations with the same height and the same frequency. 
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Figure 2.2-1 Path loss in BS height = 10m
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Figure 2.2-2 Path loss in BS height = 15m
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Figure 2.2-3 Path loss in BS height = 22m

Table 2-2 Fitting Results for BS=10m, 15m and 22m in LOS state

	
	KLOS
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	Freq (GHz)
	2.3
	4.9
	28
	52.6
	Mean
	2.3
	4.9
	28
	52.6
	Mean

	BS height =10m
	17.87
	18.19
	18.68
	18.81
	18.39
	3.19
	2.88
	2.23
	2.02
	2.58

	BS height =15m
	17.86
	18.27
	18.85
	18.98
	18.49
	2.59
	2.33
	1.76
	1.59
	2.06

	BS height =22m
	18.06
	18.42
	18.93
	19.04
	18.61
	2.58
	2.38
	1.90
	1.75
	2.15

	Mean
	
	
	
	
	18.50
	
	
	
	
	2.27


Observation 1: Path loss in LOS state in IIOT scenario is similar to free space loss with KLOS=18.5 and SF=2.27dB. 
NLOS state

The following closed-in pathloss model is utilized in NLOS state for fitting the simulation data under different BS heights and frequencies:
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Where 

· 
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d

 is the 3-dimensional distance in meter between transmitter and receiver.
· 
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f

 is the carrier frequency in GHz.
· 
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K

 is the path loss coefficient in LOS state.

The fitting results for path loss in NLOS state are shown in the Figure 2.3-1~2.3-3, Figure 2.3 and Table 2-3, where simulation data are collected from 5 base stations with the same height and the same frequency. 
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Figure 2.3-1 Path loss in BS height = 10m
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Figure 2.3-2 Path loss in BS height = 15m
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Figure 2.3-3 Path loss in BS height = 22m

Table 2-3 Fitting Results for BS=10m, 15m and 22m in NLOS state
	
	KNLOS
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	Freq (GHz)
	2.3
	4.9
	28
	52.6
	Mean
	2.3
	4.9
	28
	52.6
	Mean

	BS height =10m
	21.10
	22.01
	23.91
	24.53
	22.89
	13.92
	14.12
	14.22
	14.37
	14.15

	BS height =15m
	20.30
	21.31
	23.38
	24.00
	22.24
	7.50
	7.69
	8.96
	9.33
	8.37

	BS height =22m
	22.07
	23.05
	24.93
	25.46
	23.89
	7.96
	8.29
	9.20
	9.61
	8.76

	Mean
	21.16
	21.2
	24.07
	24.66
	23.00
	9.79
	10.03
	10.79
	11.10
	10.43


The quadratic polynomial function is used to fit KNLOS with respect to frequency in different BS height:
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Where
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 is the carrier frequency in GHz.
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Figure 2.3 Fitting results of KNLOS with respect to frequency and BS height

Table 2-3 Fitting Results for coefficients in formulation of KNLOS
	BS height
	p1
	p2
	p3

	10m
	-0.001581
	0.1496
	21.02

	15m
	-0.001779
	0.1653
	20.21

	22m
	-0.001682
	0.1538
	22.01


Observation 2: Closed-in reference model can be used in NLOS state in IIOT scenario.

Observation 3: KNLOS is dependent on both frequency and BS height.
Observation 4: In NLOS state, the shadow fading deviation is frequency-independent. Its dependency on BS height is not monotonic, which may encourage a simple model of deviation that is independent from BS height as well. 
3 Path loss model

LOS state

The path loss model in LOS state:
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Where 
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Log normal Shadow fading follows 
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NLOS state

The path loss model in NLOS state:
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Where 
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. For BS height={10,15,22}m, {p1,p2,p3} follow Table 2-3.

Lognormal shadow fading follows 
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Proposal 1: Consider the LOS/NLOS pathloss models proposed above for IIOT scenario.

4 Conclusion

This contribution concludes with the following observations and proposal:

Observation 1: Path loss in LOS state in IIOT scenario is similar to free space loss with KLOS=18.5 and SF=2.27dB. 
Observation 2: Closed-in reference model can be used in NLOS state in IIOT scenario.

Observation 3: KNLOS is dependent on both frequency and BS height.
Observation 4: In NLOS state, the shadow fading deviation is frequency-independent. Its dependency on BS height is not monotonic, which may encourage a simple model of deviation that is independent from BS height as well. 
Proposal 1: Consider the LOS/NLOS pathloss models proposed in this paper for IIOT scenario.
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